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Farming with more than one livestock species has been discussed as being more sustainable compared to spe-
cialised production systems. Some potentially positive effects of multi-species livestock farming can only occur
when different species share space, e.g., by co-grazing. To date there is limited research on the behaviour of
animals in multi-species livestock groups. If co-grazing is adopted more widely, it is important to investigate its
effect on the animals’ behaviour and subsequently their welfare. One of the most prevalent species combinations
in a survey of 126 multi-species livestock farms was cattle and poultry. Therefore, we aimed to describe and
quantify inter-species interactions between young cattle and broiler chickens when co-grazing and descriptively
compare intra-species interactions as well as maintenance, comfort and social behaviours between single- and
multi-species groups of cattle and broilers on pasture. Additionally, we assessed fearfulness in broilers grazing
with or without cattle as measured by Tonic Immobility (TI), an Inversion test and a Novel Object test. Across
five replicates we observed three groups in each six-week cycle: One single-species group of ten cattle, one single-
species group of 54-61 broilers, and one multi-species group of ten cattle and 54-61 broilers. Once per week the
multi-species group was observed for 120 min using behaviour sampling to quantify the occurrence of inter- and
intra-species interactions. On two other days per week, single- and multi-species groups were observed in a
balanced order using continuous focal animal sampling to assess frequency and duration of maintenance, comfort
and social behaviours for ten animals per species for 6 min each. During all observations scan sampling was
performed every 6 min to count the number of visible animals per pasture sector. Across observation methods,
two independent observers achieved high agreement for most behaviours. Inter-species interactions occurred two
to three times per hour and ten animals per species, whereas intra-species interactions occurred between 18 and
28 times per hour and ten cattle or broilers. The most frequently observed inter-species interactions were cattle
displacing broiler and broiler approaching cattle. More generally, maintenance, comfort and social behaviours as
well as measures of fearfulness did not differ between animals in single- and multi-species groups, but the
variation was high across observations. These findings should be verified with a greater number of animals and
groups to be more applicable to commercial settings, but we conclude tentatively that co-grazing did not affect
cattle or broilers negatively.

1. Introduction pasture with two species with different feed preferences; health and

performance benefits for the animals in rotating or simultaneous grazing

Multi-species livestock farming, after a decline due to specialisation
on a single animal species or production type, experiences renewed in-
terest as it may contribute to a more sustainable agricultural production
(Martin et al., 2020). Several benefits have been proposed: better
resource use efficiency due to, for example, the possibility of using
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systems, for example due to a decreased parasite load; and increased
economic stability (for review on multi-species livestock farming see
Martin et al., 2020).

Some benefits may only occur when two livestock species share one
pasture at the same time, which may influence the animals’ behaviour
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and subsequently their welfare. In extensive or remote agricultural
systems, simultaneous grazing of a small number of animals of one
species is often used to protect a larger number of animals of another
animal species from predation, e.g., one llama with a flock of sheep
(Smith et al., 2000). Co-grazing of two animal species that are both
raised for production purposes, e.g., beef cattle and sheep, is also used in
extensive systems. To our knowledge, studies on co-grazed species have
largely focused on grazing behaviour of ruminants and reaction to
predators. Cattle grazing simultaneously with sheep ruminated and
rested longer than those grazing only with conspecifics, whereas sheep
covered larger distances than those in single-species grazing systems,
which may be due to sheep being pushed from preferred grazing spots by
cattle (Cuchillo-Hilario et al., 2017). Sheep sought refuge with cattle
during predator attacks and lambs were less stressed at weaning when
the flock was forced to associate with cattle by co-grazing the two spe-
cies in limited space prior to release to extensive pastures (Anderson,
1998; Anderson et al., 2012; Hulet et al., 1989).

Effects of co-grazing on behaviour other than grazing and possible
subsequent welfare consequences have to our knowledge not been
investigated. If, however, multi-species livestock farming is imple-
mented more widely, it is essential to investigate the effect on behaviour
of specific species combinations to ensure the animals’ welfare is not
compromised and to detect potential positive effects.

While there is limited knowledge on welfare consequences of co-
grazing livestock species, the welfare of co-housed zoo species has
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received more research attention. Co-housing different animal species in
zoos and safari parks has been postulated as possibly enriching due to
social interactions (Daoudi et al., 2017; Rowden and Rose, 2016; Veasey
and Hammer, 2010). A large difference in body size between two species
and no or little overlap in feed preferences could be beneficial for suc-
cessful co-habitation (Veasey and Hammer, 2010). In some instances of
successful co-housing a positive effect on behaviour was found, e.g. two
primate species in a mixed zoo exhibit displayed a greater willingness to
approach a novel object when compared to their single-species housed
conspecifics (Hardie and Buchanan-Smith, 2000). Comparative studies
in co-habited livestock species are missing to date, but could shed light
on possible welfare consequences and should therefore be conducted for
different livestock species combinations. While the prevalence of two or
more livestock species on one farm and therefore also the prevalence of
co-grazing livestock species and species combinations is unknown, an
interview study with organic multi-species livestock farmers in seven
European countries revealed the combination of cattle and poultry as
one of the most prevalent (Ulukan et al., 2021).

To this end, the present study aimed to describe behaviour of cattle
and broiler chickens when co-grazing, including interactions between
and within species. Moreover, the behaviour of the animals in these
multi-species groups was compared to that of conspecifics in single-
species groups on the same farm. More specifically, we aimed to
address the following research questions: (1) How and how often do
young cattle and broiler chickens on pasture interact and how often are
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Fig. 1. Timeline and weekly schedule for observations. The five replicates of the six-week cycle are shown in grey with start and finish date in the timeline at the top.
Tonic Immobility tests were performed on broilers in the last four cycles (red lightning bolt, research question 3). Novel Object tests (blue explosion) and Inversion
tests (grey half-arrow) were only performed with broilers in 2021 to answer additional aspects of research question 3. Behavioural observations were conducted on
three days per week. Tuesdays for research question 1 and 2 assessing inter- and intra-species interactions. Thursdays and Fridays frequencies and durations of
maintenance, comfort and social behaviours were assessed in non-simultaneous observations for research question 2 (except in 2021 when we observed multi- and
single-species groups on Thursdays assessing inter- and intra-species interactions). Both groups were observed each day either morning (yellow sun) and afternoon

(grey sun) or one morning and one afternoon of two consecutive days.
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they close to each other? (2) Which behaviours, including intra-species
interactions, do young cattle and broiler chickens show when on pasture
in multi- or single-species groups? (3) Does being kept with young cattle
on pasture affect fearfulness in broiler chickens compared to broilers in
single-species groups?

2. Animals, material and methods
2.1. Experimental design

The co-grazing experiment with young cattle and broilers was
repeated five times. The five six- week cycles were conducted between
late spring and autumn in 2019, 2020 and 2021 at the research farm of
the Thiinen Institute for Organic Farming in Westerau, Germany (for
exact dates see Fig. 1). In each cycle three groups of animals were kept
on pastures, which were each divided into six plots (Fig. 2, A): One
single-species group of 10 cattle and one single-species group of 54-61
broilers were kept on one pasture, always separated by one empty plot,
while one multi-species group of 10 cattle and 54-61 broilers was kept
on a second pasture (Fig. 2, C). Once per week (Wednesday), all groups
were moved to the next plot on their pasture. The two pastures were
assigned to the single-species groups or the multi-species group in a
balanced order across cycles and seasons. One plot on one pasture had a
fenced off area with a water hole and trees which was compensated for
by extending the plot’s short sides by 5 m.

To achieve similar sward height and to ensure that there was one
empty plot between the two single-species groups, the single-species
cattle groups’ pasture period started two weeks ahead of that of the
broiler groups and was thereby on the third plot when the single-species
broiler group started the pasture period on the first plot. The plot
rotation order was identical across weeks in all cycles.

To answer our research questions, we used different sampling
methods and recording rules, including behaviour sampling (i.e.,
recording the occurrence of inter- and intra-species interactions

A
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continuously), focal animal sampling (i.e., recording frequencies and
durations for maintenance, comfort and social behaviours of one focal
animal for six minutes continuously) and scan sampling (i.e., instanta-
neously recording the number of cattle and visible broilers per sector
every six minutes). Additionally, we used tests to assess fearfulness in
broilers. More details about the schedule and the different methods are
given in Fig. 1 and the following sections.

2.2. Animals and housing

Broilers (ISA JA 757) were housed in mixed-sex groups in a straw
bedded hut (3 x 4.6 m) with perching opportunities, had ad libitum
access to water and feed (Eiderkraft — Gefliigel-Unimastfutter mixed
with wheat), and to pasture during daylight hours. The door
(0.8 x 0.5 m) of the hut opened and closed automatically at the begin-
ning and end of civil daylight (dawn phase just before sunrise and dusk
phase just after sunset, respectively) using light sensors. The broiler hut
was positioned at the border of two plots and therefore was only moved
every second week, as the automatic door could be switched to the other
side of the hut when the broilers moved to the next plot (Fig. 2, A).
Broilers arrived 30 days before the start of the pasture period at the
experimental farm as one-day-old chicks. They were raised in an indoor
area (3.4 x 6.8 m) with an adjacent concrete covered outdoor area
(3.1 x 11.3 m) accessible during the day from the age of 14 days.
Thereby, broilers were already used to outdoor access via ramp and door
when moved to pasture.

Cattle (Holstein-Friesian) had an average age of 220 days (range:
117-310 days) at the beginning of spring cycles and 284 days (189-383
days) at the beginning of late summer cycles. On pasture they had ad
libitum access to water and were fed concentrate (0.5 kg per cattle) once
daily. The concentrate was a mixture of oats (70 %), wheat (19 %), peas
(10 %) and mineral feed complement (1 %) in 2019 and a mixture of oats
(56 %), triticale (32 %), beans (10 %) and mineral feed complement (2
%) in 2020 and 2021. Prior to the start of the experiment, the cattle were

B Fig. 2. Schematic layout of a pasture divided
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Table 1
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Ethogram with behaviours recorded in behaviour sampling (b) and focal animal sampling assessed as frequencies or durations (*) with descriptions (and references
where available) and partners (for interactions) and their assignment to behaviour categories.

Initiator/  behaviour category behaviour With whom? Description
Receiver (for
interactions)
cattle body position lying* Individual touches ground with the torso either laterally or ventrally, body is not supported
by the legs (adapted from Winckler et al., 2015).
cattle body position standing* Individual is not lying, supported by its legs and not in motion.
cattle out of sight out of sight* An individual is not visible to the observer.
cattle consuming feeding* Taking food with tongue or teeth in addition to chewing movements.
cattle consuming drinking Lowering mouth into water, while keeping nostrils above and sucking water. Counted as
new event after a break of 2 s, during which cattle is not touching water or drinker.
cattle locomotion locomotion* Individual is in motion, not standing. Either walking (four-beat-gait), trotting (two-beat-
gait, diagonal pairs moving together, moment of suspension; adapted from Jensen and
Kyhn, 2000)
cattle locomotion running Rapid movement with suspension, three- or four-beat-gait. Minimum of 2 consecutive
movements of suspension (adapted from Jensen and Kyhn, 2000).
cattle locomotion leap/jump/buck Any lifting of one or both front or hind legs from the ground, while the fore (or back) part of
the body is also lifted. Single or repeated upwards or forward movement (adapted from
Jensen and Kyhn, 2000). Counted as new event after a 2 s break.
cattle comfort behaviour scratching Scratching itself with one foot or an object, more than two times. Counted as new event after
a 2 s break without scratching.
cattle comfort behaviour self-grooming Licking itself anywhere on the body for more than two consecutive licking movements.
Counted as new event, after a 2 s break without self-grooming.
cattle fighting fighting (b) cattle Two individuals are standing front to front, pushing heads against each other. Both are
braced (hind legs are behind vertical/normal position and front legs are in front of vertical/
normal position). Ends by one cattle submitting to the other and withdrawing. Often
followed by displacement incident (adapted from Winckler et al., 2015).
cattle mock fighting horning/frontal pushing/ cattle Rubbing the forehead and (former) horn buds against the body of another individual in a
mock fighting (b) playful manner (adapted from Duve et al., 2012; Jensen and Kyhn, 2000; Valnickova et al.,
2015). Minimum 3 consecutive rubbing movements. Counted as a new event after 2 s break,
without contact to other cattle. Neither cattle are braced for pushing.
cattle mounting mounting (b) cattle Both forelegs lifted off the ground while jumping on the back, side or head of another
individual (adapted from Jensen and Kyhn, 2000). Counted as new event after 2 s break.
cattle object play object play Butting water bowl, hayrack, fence or other object with force, but in a playful manner
(adapted from Duve et al., 2012; Jensen and Kyhn, 2000). Minimum for three consecutive
movements. Counted as new event after 2s break with no contact to object.
cattle ruminating ruminating* Repetitive, uniform chewing movement independent from feed ingestion.
cattle socio-negative, active head push (b) broiler Cattle is grazing and pushing broiler away with head, with contact (with less than 4 steps
interaction moved before). Counted as new event after 2 s break.
cattle socio-negative, active displacement conducted cattle or Cattle moves towards (more than 4 steps) towards target animal at a swift pace, focusing on
interaction (b) broiler the target and oversteps the 1-metre perimeter of the target animal. If target animal leaves
with or without physical contact by acting cattle in less than 3 s a displacement was
conducted. The target animal has to be displaced by at least one breadth or half a body
length for cattle and at least two body length for broilers.
cattle socio-negative, active chasing (b) cattle or Cattle is following another individual at faster speed and displacing it for at least 5
interaction broiler consecutive seconds, with an aggressive manner, e.g. lowering its head. Counted as new
event after a 2 s break.
cattle socio-negative, active chasing up (b) cattle or One cattle approaches a lying one with purpose and chases it up from its lying position with
interaction broiler or without body contact.
cattle socio-negative, displacement received (b) cattle or Cattle is being targeted and displaced from grazing site by another individual through
passive interaction broiler overstepping 1 m perimeter and leaving with or without body contact by at least one
breadth or half a body length for cattle and at least two body length for broilers.
cattle other active licking (b) cattle One individual performs tongue movements on another’s body or head (excluding ano-
interaction genital region), more than two consecutive movements (adapted from Winckler et al.,
2015). Counted as new event after a 2 s break.
cattle other active proximity with muzzle (b) cattle or Individual (almost) touches head or body with the muzzle, in close proximity or in contact
interaction broiler (~10 cm) of the skin. Counted as new event after a 2 s break.
cattle other active approaching (b) cattle or Cattle moves towards (more than 4 steps) towards target animal at a swift pace, focusing on
interaction broiler the target oversteps the 1-metre perimeter of the target animal. If target animal remains for
at least 3 s it was approached and tolerates the proximity. Counted as new behaviour when
1-metre perimeter had been left and is overstepped again.
cattle other active following (b) cattle or Cattle is following behind or at the side of another individual at similar speed. Counted as
interaction broiler new event after a 2 s break.
cattle other passive being approached/ cattle or Cattle is being targeted and approached by another individual by overstepping 1-metre
interaction tolerating proximity (b) broiler radius and remaining or not changing direction or speed for at least 3 s. Counting as new
event when 1-metre perimeter had been left and is overstepped again.
broiler body position lying* Sitting with both legs bent and abdomen in contact with ground or on side; including all
neck positions (adapted from Wallenbeck et al., 2016).
broiler body position standing* Individual is not lying, supported by its legs and not in motion, no other body part is
touching ground (Wallenbeck et al., 2016).
broiler out of sight out of sight* An individual is not visible to the observer.
broiler locomotion locomotion* Walking and running (including running steps with both feet in the air) for 2 s or more (
Wallenbeck et al., 2016).
broiler locomotion group running* (b)

(continued on next page)
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Table 1 (continued)
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Initiator/  behaviour category behaviour With whom? Description
Receiver (for
interactions)
Three or more broilers are running together, close to each other and in same direction (
Wallenbeck et al., 2016). Running must stop in front of house/ramp. Counted as new event
after 2 s break.
broiler explorative behaviour pecking at ground/ Consuming or manipulating vegetal substrate (adapted from Wallenbeck et al., 2016).
foraging*
broiler explorative behaviour scratching the ground Broiler explores ground with feet (Goncalves et al., 2017). Counted as new event after 2 s
break.
broiler explorative behaviour scratching/ pecking at Broiler explores dung pad with feet or beak. Counted as new event after 2 s break.
dung pad
broiler comfort behaviour preening* Exploring the feathering with beak for e.g. maintenance (adapted from Gongalves et al.,
2017; Wallenbeck et al., 2016). Counted as new event after 2 s break.
broiler comfort behaviour dust bathing Wingshake/ fluffed feathers in sitting/lying position, followed by side or head rubs lying on
the side, motion of the legs possible, scratching at ground; pecking at ground (adapted from
Wallenbeck et al., 2016). Counted as new event after 2 s break.
broiler comfort behaviour wing or leg stretch Slowly stretching out one wing and/or one leg (Wallenbeck et al., 2016). Counted as new
event after 2 s break.
broiler play fighting play fighting* (b) Other broiler Two broilers pushing their feet at each other at least once, often coinciding with running;
also includes standing in front of each other and pecking at each other (for at least two times,
adapted from Wallenbeck et al., 2016). Running at each other, stopping and remaining
motionless, staring at each other for at least 2 s.
broiler wing flapping wing flapping Stretching out and flapping wings once or more times (Wallenbeck et al., 2016). Counted as
new event after 2 s break.
broiler seeking shelter seeking shelter with cattle cattle Seeks shelter/proximity (overstepping 1-metre perimeter) to cattle due to predatory bird or
(b) plane or another object.
broiler seeking shelter seeking shelter in house (b) More than two broilers seek shelter in house due to predatory bird or plane or another
object. At least 50 % of running group must enter house.
broiler sexual behaviour mating broiler One broiler sits on top of another broiler. Counted as new event after 2 s break.
broiler socio-negative, active displacement conducted cattle or Broiler shows directional /purposeful locomotor behaviour towards target animal and
interactions (b) broiler oversteps the 1-metre perimeter of the target animal. If target animal leaves a displacement
was conducted. The target animal has to be displaced by at least one breadth or half a body
length for cattle and at least two body length for broilers.
broiler socio-negative, active chasing up (b) cattle or One broiler approaches a lying one with purpose and chases it up from its lying position with
interactions broiler or without body contact.
broiler socio-negative, active pecking at other individual  cattle or Pecking at feathers/skin of another broiler/cattle (adapted from Wallenbeck et al., 2016).
interactions (b) broiler Counted as new event after 2 s break.
broiler socio-negative, displacement received (b) cattle or Broiler is being targeted and displaced from grazing site etc. by another individual through
passive interactions broiler overstepping 1 m radius and leaving with or without body contact by at least one breadth or
half a body length for cattle and at least two body lengths for broilers.
broiler other active approaching (b) cattle or Broiler is approaching other broiler/cattle and both are staying in proximity for at least 3 s.
interactions broiler Counting as new event when 1-metre perimeter had been left and is overstepped again.
broiler other active proximity with peak (b) cattle or Beak is in close proximity to any part of the body of the other individual. Counted as new
interactions broiler event after 2 s break.
broiler other active following (b) cattle or Broiler is following behind or at the side of another individual at similar speed. Counted as
interactions broiler new event after a 2 s break.
broiler other passive being approached/ cattle or Broiler is being targeted and approached by another individual through overstepping 1-
interactions tolerating proximity (b) broiler metre radius and remaining for at least 3 s. Counting as new event when 1-metre perimeter

had been left and is overstepped again.

housed indoors but had several days of previous experience with pasture
before the start of the experiment.

Within each cycle the same ten cattle in one group were observed
across weeks. In each calendar year, cattle from the first cycle switched
from single-species group to multi-species group and vice versa for the
second cycle (see animal superscripts in Fig. 2, C), resembling a split-
plot design with cattle in one calendar year being used in both cycles
(switching treatments in the second cycle).

2.3. Data collection and processing

2.3.1. Behavioural observations in multi- and single-species groups

All behavioural observations lasted for 120 min and started in the
morning shortly after the beginning of civil daylight (dawn phase just
before sunrise) or ended in the evening shortly before the end of civil
daylight (dusk phase just after sunset), as previous research found
increased activity in broilers during these periods (e.g. Savory, 1976;
Yeates, 1963). The observation schedule was identical across weeks in
all cycles, with the exception of observations for the frequency and
duration of behaviours in 2021, which were replaced by observations
assessing only intra-species interactions in single-species groups to

increase the sample size for research question 2 comparing intra-species
interactions between single- and multi-species groups. Observations
were mainly conducted by LS and SHue.

We observed from a high seat positioned at the plot’s short side
closest to the broiler hut, approximately six metres from the fence line
and approximately eight metres from the extension of the long fence line
opposite the broiler hut (marked in red in Fig. 2, A and B).

2.3.1.1. Proximity and distribution of visible animals (relevant for research
questions 1 and 2). To assess proximity between species, all observations
were halted every 6 min (instantaneous scan sampling) to record the
position of all cattle and visible broilers (i.e. not in hut) within the plot
(research question 1). To record positions, each plot was divided into 16
sectors by visually splitting it once along its short side and into eight
equal sections along its long side (Fig. 2, B). For ease of recording the
location of animals, we placed numbers 1-8 along both long fence lines
and white rubber tubes with a small diameter along the centre of the
plot, parallel to the long sides. All scans were done on paper and later
transferred to Microsoft Excel files (Excel 2016, MSO 16.0.4266.1001).

Based on all scans we calculated the average number of broilers
outside the hut in multi-species groups (n =2331 scans, 111
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observations x 21 scans) and single-species groups (n = 1785 scans, 85
observations x 21 scans). Proximity between species in multi-species
groups was assessed by calculating the number of sectors with cattle
or broilers and the number of sectors with both species. The number of
sectors with both species was divided by the number of sectors with
either cattle or broilers resulting in a percentage of scans in which
broilers were observed in sectors with cattle and cattle were observed in
sectors with broilers.

2.3.1.2. Inter-species interactions (research question 1). Multi-species
groups were observed in the morning and evening of one day per week
(Tuesday) using behaviour sampling, i.e. counting the occurrence of pre-
selected inter-species interactions, for 120 min each (see Table 1 and for
selected illustrations Fig. 3). Inter-species interactions were described
based on pilot observations due to a lack of information from the liter-
ature. Behaviour occurrences were recorded on paper and later trans-
ferred to Microsoft Excel files (Excel 2016, MSO 16.0.4266.1001). The
multi-species groups were observed for in total 118 h (59 x 120 min).

2.3.1.3. Frequency and duration of maintenance, comfort and social be-
haviours including intra-species interactions (research question 2). To
quantify intra-species interactions in multi- and single-species groups,
multi- and single-species groups were observed in the morning and
evening of one (Tuesday) or two days per week (in 2021) using
continuous behaviour sampling for 120 min each. Behaviour definitions
from previously published ethograms were used and where necessary
expanded. In total, we observed the broiler single-species groups in
cycles 2-5 for 76 h (38 x 120 min). The number of observations for the
single-species cattle groups was with 14 h (7 x 120 min) considerably
lower than for the single-species broiler groups as they were only
observed in cycles 4 and 5 and the single-species cattle groups finished
their six-week pasture period two weeks earlier than the other two
groups.

Using behaviour definitions from previously published ethograms, a
wide range of behaviours (maintenance, comfort and social behaviour;
see Table 1) was additionally recorded on two days either in the morning
or the evening using continuous focal animal sampling of all ten cattle
and ten randomly chosen broilers for six minutes each (Thursday/
Friday). The focal animal species was switched after each individual and
the species with which the observation began was alternated. Focal
broilers were randomly selected by visually splitting the area occupied
by broilers outside the hut, at the time of selection, into three sections of
equal size with varying distances from the hut and choosing broilers
from each area in a balanced order. If the focal broiler disappeared into
the hut, ‘out of sight’ was recorded, the broiler nearest to the door of the
hut was selected and its behaviour continuously recorded for the
remainder of the six-minute period. Since broilers were similar in
appearance and not visibly marked as individuals, it cannot be excluded
that one broiler was observed repeatedly. For cattle the order of obser-
vation was chosen randomly prior to observations and individual cattle
were identified by coloured neck collars. Observations were scheduled
in a balanced order accounting for time of day across days and weeks.

The behaviour of the focal animal was recorded using Mangold
Interact Software (18.5.1.0). We recorded the frequency of mainte-
nance, comfort and social behaviours as well as the time spent per-
forming maintenance behaviours (marked with * in Table 1), e.g.,
frequency of lying events as well as time spent lying (later expressed as
proportion of time). Behaviours were summarised according to behav-
iour categories (Table 1).

Both the multi-species groups and the broiler single-species groups
were observed for 46 h using continuous focal animal sampling (46
observations x 10 animals x 6 min), whereas the cattle single-species
group was observed for 29 h (29 observations x 10 cattle x 6 min).
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2.3.2. Fearfulness in broiler chickens as measured by Tonic Immobility
(TD), Inversion and Novel Object tests (research question 3)

As co-grazing with cattle could be enriching for broilers, we expected
broilers in multi-species groups to be less fearful than those in single-
species groups. We tested fearfulness in broiler chickens using a Tonic
Immobility test, an Inversion test and a Novel Object test. Tonic
Immobility (TI) tests were performed with broilers in all cycles except
the first one in 2019 (Fig. 2, C). The first TI test per cycle was done one or
two days prior to the start of the pasture period at four weeks of age and
the second test was done one or two days prior to the end of the pasture
period at the age of ten weeks.

Each broiler was caught individually from within their enclosure/hut
and carried in both hands for approximately five metres to the testing
area. For the test at the age of four weeks a room adjacent to the raising
pen and for the test at the age of ten weeks a trailer with closed side walls
and open roof was used. In the testing area each broiler was placed on its
back in a v-shaped cradle and held with one hand over the sternum and
the other over the head for 10 s (Benoff and Siegel, 1976; Forkman et al.,
2007; Jones and Faure, 1981; Zulkifli et al., 2000). Upon releasing the
broiler, the experimenter stepped back by approximately one metre,
averted her gaze and refrained from eye contact with the broiler or any
unnecessary movements or noises. If TI was induced (i.e., broiler
remained lying for at least 10 s) the time until first alert head movement
(i.e., scanning movements) and until self-righting was measured
(maximum 600 s) (Jones, 1986). When a broiler did not right itself
within this timeframe, the experimenter helped the broiler up before
returning it to its conspecifics. If TI was not induced at the first attempt
the procedure was repeated for a maximum of five times. The number of
attempts necessary to induce TI and the duration spent in TI was
recorded using a stopwatch and a Microsoft Excel table. Based on the
results of the first test (at 4 weeks of age) broilers were ranked according
to their time spent in TI and every second broiler was assigned to the
single- or multi-species group (Wang et al., 2013), thereby creating two
groups with similar means for the duration spent in TI. The group
assignment for some randomly chosen broilers were switched to end up
with two groups with identical means for the duration spent in TI. All TI
tests were additionally recorded with a video camera (Panasonic
HX-WA30). Number of attempts necessary to induce TI, latency to first
alert head movement (s) and duration in TI (s) were assessed for all TI
tests by two observers using the video material. Results are compared
between single and multi-species groups for the second TI test.

For the cycle in 2021, we additionally performed an Inversion test,
which measures the initial fear reaction to a simulated attack and is said
to be correlated with the TI test (Newberry and Blair, 1993), with a
random subsample of 40 broilers (i.e., 20 per group) at two weeks of age
and again at 8 weeks of age, i.e. two weeks before each TI test, to reduce
the possibility of cross-influencing results. The broilers were individu-
ally caught and carried to the testing arena in which they were held with
one hand by their feet and turned upside down until wing flapping
ceased or for a maximum of 30 s (Archer and Mench, 2014). They were
then righted and returned to their enclosure. All Inversion tests were
recorded using a video camera (Panasonic HX-WA30). Data were
extracted from video recordings watched in slow-motion. The intensity
of the reaction was calculated by dividing the number of wingbeats by
the time wing flapping was performed (Archer and Mench, 2014).

Additionally, with broilers from the cycle in 2021, three Novel Ob-
ject tests were performed, one at three, one at four and one at nine weeks
of age. For the first two tests, i.e. before the start of the experiment, all
broilers were tested in the same group and for the third test all broilers in
single- and multi-species groups were tested in their respective groups.
For each test a camera (GoPro Hero 7) was installed at least 30 min
before the beginning of the test in the home pen directly above of the
location where the novel object would be placed. The experimenter then
placed the novel object in the pen and left. Broilers were first tested with
a PVC pipe (30 cm in length) wrapped in yellow, red and blue tape, for
the second test we used a traffic cone lying on its side and for the third an
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inflatable ball with differently coloured figures on it. We assessed the
latency until the first three broilers crossed a 25 cm radius around the
novel object and the number of broilers within this radius every 10 s for
120 s from the video footage (De Haas et al., 2014; Welfare Quality®,
2009).

2.4. Assessment of inter-observer agreement

We assessed inter-observer agreement between two observers for the
distribution of visible animals, inter- and intra-species interactions, the
frequencies and durations of maintenance, comfort and social behav-
iours as well as for the Tonic Immobility, Inversion and Novel Object
tests.

For the distribution of animals (n = 367 scans) the recorded number
of broilers visible and the number of animals in each sector (Fig. 2, B) for
cattle and broilers were compared. For inter- and intra-species in-
teractions (n = 5 observations, 120 min each) all interactions which
were coded at least once by each observer and the total number of in-
teractions recorded were compared. For the frequencies and durations
(n = 150 cattle observations, n = 190 broiler observations, 6 min each)
all behaviours that were recorded at least twice were compared for
maintenance, comfort and social behaviours. For the TI test (n = 33
broilers) number of attempts necessary to induce TI, latency to first alert
head movement (s) and duration in TI (s) and were compared. For the
Inversion test (n =9 broilers) we compared time inversed (s) and
number of wingbeats and for the Novel Object test (n = 48, 12 time
points per test) the number of broilers close to the novel object.

As a measure of inter-observer agreement, the Intraclass Correlation
Coefficient (ICC) estimates and their 95 % confidence intervals (CI) were
calculated based on single measurements, absolute agreement and a 2-
way (instead of 1-way, since there is no ‘correct’ observer) mixed ef-
fects model for all inter-observer agreement calculations. ICC values
between 0.5 and 0.75 indicate moderate agreement, values between
0.75 and 0.9 indicate good agreement and values above 0.9 indicate
excellent agreement (Koo and Li, 2016); additionally, the lower CI
should be within the lower limit of the agreement categories.

2.5. Robustness of data collected from behavioural observations

Since single- and multi-species groups were observed in a balanced
order considering time of day across weeks (i.e., non-simultaneously),
conditions during observation sessions (i.e. mornings vs. evenings, or
during consecutive days) such as aspects of the weather could have
affected the occurrence of behaviours. Although we assumed the
magnitude of such effects to be small due to the large number of
observation periods, to further assess the robustness of our data LS and
SHue observed single- and multi-species groups simultaneously during
25 sessions (n = 50 h). If occurrences were in a similar range for both
simultaneous and non-simultaneous observations, it could indicate that
the specific conditions did not systematically affect occurrences of
behaviour in non-simultaneous observations.

Frequency of behaviours and proportion of time spent performing
maintenance, comfort and social behaviours for single- and multi-
species groups obtained from simultaneous observations were within a
similar range as the values obtained from the non-simultaneous obser-
vations. Similar to non-simultaneous observations, simultaneous ob-
servations revealed only slight differences in medians and Inter-
Quartile-Range (IQR) for frequencies of behaviours and proportions of
time between multi- and single-species groups (for detailed information
see Supplementary material Table S4).

2.6. Descriptive analyses
Due to the small sample size (n = 5 replicates/cycles for observations

of inter- and intra-species interactions, n = 4 cycles for maintenance,
comfort and social behaviours and the TI test, and n =1 for Novel
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Object and Inversion tests), we only performed descriptive statistics and
visual inspection of the data using the statistical programming language
R (R Version: 4.0.3, R Core Team, 2020; RStudio Version: 1.4.1103,
RStudioTeam, 2021), package ‘irr’ to calculate the Intra Class Correla-
tion Coefficients (Gamer et al., 2012) and package ‘ggplot2’ to create
graphs (Wickham, 2016).

Inter-species interactions were calculated per hour and 10 animals
per species and intra-species interactions per hour and 10 cattle or
broilers. Frequencies of behaviours were calculated per hour and animal
(reported as median and Inter-Quartile-Range IQR due to the zero
inflated distribution) and durations as proportion of time (reported as
mean and standard deviation (sd)).

For the Inversion test the difference (delta) between values obtained
before and after the pasture period was calculated and compared be-
tween groups. To assess a possible association between duration in TI
and intensity after pasture, a Spearman’s rank correlation coefficient
was calculated.

2.7. Ethical considerations

The ethical guidelines of the International Society of Applied
Ethology were followed during this experiment. This experiment was
part of a larger research project and all procedures were approved by the
Ministry of Energy, Agriculture, the Environment, Nature and Digital-
isation in  Schleswig-Holstein  (reference = V242-46376/2019;
V242-26697/2021).

3. Results
3.1. Inter-observer agreement

For the distribution of visible animals, the agreement between ob-
servers was moderate to excellent for the number of cattle in all but one
sector and for the number of broilers in the three sectors in which most
broilers were observed (for detailed information see Supplementary
material Table S2). For the total number of broilers visible, the agree-
ment was excellent (ICC, lower CI < ICC < upper CI: 0.931, 0.916 < ICC
< 0.944, F(356, 353) = 28.2, p < 0.001).

The agreement between observers for inter- and intra-species in-
teractions could, due to the low number of occurrences for some be-
haviours, only be calculated for 13 out of 19 cattle-initiated behaviours
and 7 out of 15 broiler-initiated behaviours for which sufficient data
were available (for detailed information see Supplementary material,
Table S1). Observer agreement was moderate to excellent for nine cattle-
initiated behaviours (Fig. 4, A) and five broiler-initiated behaviours
(Fig. 4, B) and poor for four cattle-initiated behaviours and two broiler-
initiated behaviours.

Agreement between observers for frequencies and durations of
maintenance, comfort and social behaviours was (almost) excellent (ICC
> 0.75) for 16 cattle behaviours (Fig. 4, A) and 14 broiler behaviours
(Fig. 4, B; for more detailed information see Supplementary material,
Table S1) and moderate for one cattle behaviour and three broiler be-
haviours (ICC and lower CI > 0.5). Five cattle and two broiler behav-
iours were not recorded during these observation sessions.

For the fearfulness measures, agreement was excellent for duration
spent in TI in seconds (0.999, 0.999 < ICC < 1, F(32, 33) = 2945), la-
tency to first alert head movement in seconds (0.934, 0.87 < ICC <
0.967, F(33, 32) = 28.3) and number of attempts necessary to induce TI
(0.989, 0.978 < ICC < 0.994, F(32,33) = 180). Agreement was also
excellent for time inversed (0.988, 0.951 < ICC < 0.997, F(8, 8.35)
= 192) and number of broilers near the novel object (0.978, 0.959 < ICC
< 0.988, F(47, 40.1) = 94.3) (all p-values p < 0.001). For number of
wingbeats the lower bound CI was below the level for moderate agree-
ment (0.969, 0.312 < ICC < 0.995, F(8, 1.83) = 212, p < 0.01).
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3.2. Inter-species interactions in multi-species groups (research question

D

On average 13 + 9 broilers were visible (i.e., not in hut) in multi-
species groups. When cattle were observed in a sector, in approxi-
mately 10 % of cases were broilers also observed in the same sector,
while in approximately 39 % of cases cattle were observed when broilers
were present in a sector.

The number of inter-species interactions recorded varied between
observation periods and cycles and totalled in 787 inter-species across
118 h (59 observations, 120 min each). With an average of 13 visible
broilers in multi-species groups and a mean of 7 inter-species in-
teractions in one hour approximately one inter-species interaction per
visible broiler and ten cattle occurs in two hours. The most frequent
interactions were cattle displacing broiler and broiler approaching cattle
(for details on the occurrence of individual inter-species interactions see
Fig. 5, A and Supplementary material Table S3). Inter-species in-
teractions occurred similarly often in the morning (5 + 7) and evening
(5£5).

3.3. Intra-species interactions of young cattle and broiler chickens in
multi- and single-species groups (research question 2)

On average 8 + 6 broilers were visible (i.e., not in hut) in single-
species groups. Based on behaviour sampling, both cattle and visible
broilers interacted with a conspecific on average twice per hour and
animal in multi-species groups. Intra-species interactions in the single-
species cattle groups occurred at a similar frequency, but broiler-
broiler interactions in the single-species broiler groups amounted to
on average three interactions per hour (details on intra-species in-
teractions can be found in Fig. 6, A for broilers and Fig. 6, C for cattle and
in the Supplementary material Table S3). Most intra-species interactions
were performed similarly often in both single- and multi-species groups,
with the exception of broilers in single-species groups performing
numerically more ‘other social behaviour’ (e.g., approaching and
following; mean =+ sd: 15 + 7 per hour and 10 animals) than broilers in
multi-species groups (9 + 12). The variability between observations was
high in both groups.

Similarly, focal animal observations revealed no noteworthy differ-
ences in the average number of intra-species interactions for both cattle
and broilers in multi- and single-species groups (Fig. 6, E for broilers and
Fig. 6, F for cattle and Supplementary material Table S4). Intra-species
interactions between broilers (calculated per 10 broilers and hour)
occurred numerically more often in the morning (mean =+ sd: multi-
species groups 29 + 32, single-species groups 32 + 17) than in the
evening (multi-species groups 16 + 17, single-species groups 25 + 10)
and between cattle (calculated per 10 cattle and hour) numerically
slightly more often in the evening (mean + sd: multi-species groups 26
+ 16, single-species groups 20 + 7) than in the morning (multi-species
groups 18 + 13, single-species groups 16 + 5).

3.4. Frequency of and proportion of time spent performing maintenance,
comfort and social behaviours in multi- and single-species groups (research
question 2)

Variation in the frequency and duration of maintenance, comfort and
social behaviours was large in both multi- and single-species groups.
There were only minor numerical differences between the frequency of
(broiler: Fig. 6, E; cattle: Fig. 6, F) and proportion of time spent per-
forming maintenance, comfort and social behaviours (broiler: Fig. 6, B;
cattle: Fig. 6, D) in multi- and single-species groups (for further details
see Supplementary material Table S4). The numerically highest differ-
ence between groups was for the frequency of a broiler entering the hut
(‘out of sight’, median, IQR: multi-species groups 5, 6 vs. single-species
group 9, 7) and the proportion of time all broilers were in the hut (i.e. no
broiler visible, mean + sd: multi 16 % + 27 vs. single 25 % + 24).
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For behaviours expressed as proportions of time other notable nu-
merical differences were for cattle lying (mean =+ sd: multi 21 % + 20
vs. single 27 % + 21) and standing (9 % + 7 vs. 6 % =+ 5)). For detailed
information see Supplementary material Table S4.

3.5. Fearfulness measures in broiler chickens in multi- and single-species
groups as measured by Tonic Immobility (TI), Inversion and Novel Object
test (research question 3)

At the end of the pasture period broilers co-grazing with cattle did
not differ numerically for TI duration (mean =+ sd: 131 s + 146) from
broilers ranging only with conspecifics (126 s + 137, Fig. 7, A). Like-
wise, no differences were found for the number of attempts necessary to
induce TI (2 + 1 for both groups, Fig. 7, C) or for the latency to first alert
head movement (multi-species group: 12 s + 27, single-species group:
14 s + 39, Fig. 7, B).

The number of wingbeats per second in the Inversion test after
pasture was 8 + 1 for both groups and before pasture 9 + 1 for broilers
subsequently assigned to the single-species broiler group and 9 + 2 for
broilers assigned to co-graze with cattle. The difference between before
and after pasture was 1.6 + 1.9 for broilers ranging only with conspe-
cifics and 0.8 + 1.8 for broilers co-grazing with cattle (Fig. 7, D). The
duration in TI after pasture was only weakly correlated with the measure
of intensity of reaction to inversion (i.e. wingbeats per second) in the
Inversion test after pasture (rho = 0.3, p = 0.7).

The latency to approach was shorter and the number of broilers
approaching a novel object was numerically higher for broilers tested
before pasture (all in one group: PVC pipe and traffic cone) than both
groups towards the end of the pasture period (inflatable ball). The la-
tency for the first three broilers to cross the 25 cm radius around the
novel object was 22 s and 27 s for the PVC pipe and the traffic cone,
respectively, and for the inflatable ball 106 s and more than 120 s for the
single- and multi-species group, respectively. The number of broilers
within a 25 cm radius around the novel object was at every observed
timepoint numerically higher before pasture than after pasture, but no
notable difference between multi- and single-species groups towards the
end of the pasture period was found (Fig. 7, E). For example, at 100 s
there were more than 12 broilers within the radius in both tests before
pasture and only two (single-species) or three (multi-species) broilers in
the one test after pasture.

4. Discussion

Our study aimed to investigate behaviour of young cattle and broiler
chickens on pasture in single- and multi-species groups using different
observation methods and fearfulness tests. Inter-species interactions
occurred approximately two to three times per hour and ten animals per
species, with cattle displacing broiler and broiler approaching cattle
being most frequent. It was more likely to observe cattle in a sector in
which broilers were observed than broilers in a sector with cattle
(research question 1). Broilers in single-species groups interacted more
frequently with conspecifics than broilers in multi-species groups.
Otherwise, we did not find a noteworthy numerical difference between
single- and multi-species groups for most behaviours (research question
2) including measures of fearfulness (research question 3).

We were able to reliably assess the majority of recorded behaviours.
Those behaviours with a low inter-observer agreement occurred rarely
during the time the two observers collected data for agreement. For
behaviours occurring less frequently, missing one event by one of the
observers has a higher impact on agreement than for more prevalent
behaviours. More generally, the definitions of behaviour with low
agreement could possibly be improved or observers could be trained
more thoroughly prior to the start of the data collection using video
material of rarely occurring behaviours, thereby increasing agreement.
To further determine the robustness of our data collection setup we
showed that the results from non-simultaneous and simultaneous
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Fig. 3. Illustrations of selected interactions between cattle and broilers.

observations hardly differed. Therefore, we can conclude that
observation-specific aspects such as weather did not affect behaviour in
non-simultaneous observations in our study, which could be due to such
aspects not affecting behaviour or, more likely, due to a sufficiently large
sample size reducing the effect of individual observations.

Both presumably negative (i.e., displacing) and positive (i.e.
approaching) inter-species interactions occurred in multi-species groups
and were initiated by both cattle and broilers. Broilers approached cattle
(once per hour and 10 animals per species) despite the relatively
frequent experience of being displaced by cattle (two to three times per
hour and 10 animals per species), which could be interpreted as broilers
not perceiving displacement by cattle as threatening or frightening.
However, as we do not know whether the same broilers who were dis-
placed by cattle were the broilers approaching cattle, we cannot be
certain how broilers generally perceive interactions with cattle and
future studies could mark each broiler uniquely to answer this question.
From the cattle perspective, frequent displacements of broilers could be
interpreted as cattle not wanting to be in close proximity to broilers.
However, since the pasture had sections where broilers rarely ventured,
cattle would have been able to avoid proximity by avoiding the sectors
close to the broiler hut and broilers would have been able to avoid cattle
by entering the broiler hut. Overall, inter-species interactions were
initiated by both species, indicating that the animals were interested in
the interaction with the other species.

The high percentage of scans with cattle being observed in broiler
sectors (39 %) could be due to broilers occupying mainly sectors close to

the hut, thereby avoiding traversing large distances across open spaces
(Dawkins et al., 2003), while cattle were using the whole plot. However,
the presence of cattle apparently did not deter broilers from venturing
outside the hut, thus supporting the interpretation that staying in the
same sector of the pasture was not perceived as frightening by the
broilers. On the contrary, on average more broilers in multi-species
groups were outside their hut (average number: 13) than broilers in
single-species groups (8). This may indicate that broilers perceived
cattle as a structural element on the otherwise barren pasture (Fanatico
et al., 2016), and therefore encouraged them to be outside in greater
numbers.

A second noteworthy difference in broiler behaviour between multi-
and single-species groups was that broilers in multi-species groups
interacted less frequently with other broilers compared to broilers in
single-species groups, more specifically they approached and followed
each other less frequently. This may suggest that broilers in multi-
species groups had the opportunity to interact with cattle and per-
formed such interactions with cattle in a similar magnitude as the dif-
ference in the number of intra-species interactions between groups.
Apart from these differences, co-grazing with another livestock species
did not affect cattle or broiler behaviour. A wide range of behaviours,
including maintenance behaviours such as lying and feeding, comfort
behaviours such as self-grooming or preening, and social behaviours
such as play fighting, occurred similarly frequent for cattle and broilers
in both multi- and single-species groups, but with a high variation be-
tween cycles and observations. Inter-species interactions in the multi-
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Fig. 4. Inter-observer agreement between two observers calculated with the Interclass Correlation Coefficient (ICC, dot) with Confidence Intervals (CI, whiskers) for
cattle (A) and broiler behaviours (B) and the methods behaviour sampling (inter- and intra-species interactions, black) and focal animal sampling (behaviours

including maintenance, comfort and social behaviours, grey).
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Fig. 5. Number of different inter-species interactions (per hour and ten animals
per species) in multi-species groups. Boxplots with median (black line), inter-
quartile range (box), 1.5 x interquartile range (whiskers).

species groups occurred less frequently than intra-species interactions,
which could be because of a preference for conspecifics and enough
space to allow for a spatial separation of species groups.

Regarding measures of fearfulness, none of the measures of Tonic
Immobility that were assessed in four cycles differed between broilers in
multi- and single-species groups tested after pasture. Therefore, cattle
did not affect fearfulness in broilers as measured by the TI test. If, on the
one hand, broilers had perceived cattle as additional enrichment, we
would have expected broilers in multi-species groups to be less fearful,
indicated by a lower duration in TI (Jones, 1986), compared to broilers
in single-species groups, since increased environmental complexity is
associated with decreased fearfulness (Jones, 2002; Jones and Wad-
dington, 1992). If, on the other hand, broilers had perceived cattle as
something frightening, we would have expected a higher duration in TI

10

for broilers in multi-species in
single-species groups.

The other two fearfulness tests, Inversion and Novel Object tests,
were only performed in one cycle and we are therefore cautious in the
interpretation of results. The intensity of the reaction to inversion
(wingbeats/s) increased more in broilers in the single-species group than
broilers in the multi-species group after pasture, which according to
House et al. (2020) could be interpreted as broilers co-grazing with
cattle becoming more fearful over the pasture period than those ranging
with only conspecifics. However, the response to a novel object did not
differ between multi- and single-species broiler groups. In both groups,
after six weeks on pasture, broilers approached the novel object less
compared to tests before pasture, indicating an age effect which is in line
with a study showing that older broilers are less willing to approach a
novel object than younger ones (Baxter et al., 2021), but contradicting
two other studies (Bailie and O’Connell, 2015; Giersberg et al., 2020).
Apart from an age effect, possibly broilers ranging on pasture with or
without cattle experienced the pasture as so enriching that an additional
novel object was not perceived as worth investigating.

Overall, we tentatively conclude that neither young cattle nor broiler
chickens were adversely affected by co-grazing, as the behaviour,
including measures of fearfulness, did not differ compared to single-
species grazed conspecifics. Whether one or both species experience
co-grazing positively or enriching should be investigated in future
studies, possibly by including a choice experiment, in which the animals
can choose between a pasture with only conspecifics and a pasture with
conspecifics and another species.

This first descriptive study yields valuable insights into the behav-
iour of young cattle and broiler chickens on pasture, based on many
hours of observation of both multi- and single-species groups on the
same farm simultaneously and under the same management conditions.
However, there are methodological aspects worth considering for future
studies: First, results should be verified with a larger number of animals
per group, preferably similar to the number of animals used on farms to
increase the applicability of the results to a commercial context, and a

groups compared to broilers
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Fig. 6. Results for occurrences of inter-and intra-species interactions (A, C) in single- (turquoise) and multi-species groups (red), as well as proportion of time
(recorded as durations) spent performing maintenance behaviours (B, D) and frequency of bouts (marked with *) and events for maintenance, comfort and social
behaviour (E, F) (research question 2). Boxplots with median (black line), interquartile range (box), 1.5 x interquartile range (whiskers).

greater number of replicates to allow further statistical analysis. Second,
for inter-species interactions to be possible, individuals of the different
species have to be close to each other. To measure proximity, we divided
the plot into 16 sectors and recorded the number of animals per species
per sector. However, since one sector had the size of slightly less than

11

200 m?, animals in one sector were not necessarily close to each other.
Similarly, animals at the borders of two sectors could be closer to each
other than those within a sector, but would be recorded in two different
sectors. Future studies could counteract this by using smaller sectors or
GPS loggers. Third, the number of observations for single-species cattle
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Fig. 7. Results for fearfulness measures in broilers (research question 3), Tonic Immobility (A-C), Inversion test (D) and Novel Object test (E). The duration (s) spent
in Tonic Immobility (A), the latency (s) to first alert head movement (B) and the number of attempts necessary to induce Tonic Immobility (C) after the pasture period
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(E) Side-by-side barplot.

groups was low(er) compared to the multi-species groups or the single- first insights into the behaviour of co-grazed broilers and cattle.
species broiler groups. This was due to the rotational grazing system for

single-species groups, with the single-species cattle groups starting and 5. Conclusion

finishing the pasture period two weeks ahead of the single-species

broiler and multi-species groups, which should be addressed in future This study on co-grazing young cattle and broiler chickens builds a

experiments. Overall, our experimental design was suitable to generate foundation for future studies investigating behaviour in different multi-

12
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species livestock groups. We conclude that neither cattle nor broiler
behaviour was affected negatively by co-grazing, thereby indicating no
negative welfare consequences. Inter-species interactions such as broiler
approaching cattle could tentatively be interpreted as possibly enrich-
ing, but further research is necessary to investigate possible positive
effects on welfare.
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